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Abstract of JP 2003133246 (A) 
PROBLEM TO BE SOLVED: To provide a gallium 
nitride semiconductor light emitting element that is 
superior in electric, optical and crystal structural 
properties or the like, and its manufacturing method. 
SOLUTION: The method for manufacturing the 
gallium nitride compound semiconductor element 
comprises a step for forming an aluminum nitride 
layer having conductivity on the surface of a silicon 
carbide substrate, whose surface is inclined at a 
first angle from the (0001) plane toward the [1 1-20] 
direction, and a step for forming a gallium nitride 
compound semiconductor laminated structure on 
the aluminum nitride layer. 
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*XH, fe«t*l 0 0^>^XhP-Affe§„ GaN 

[0 0 5 8] CtltMLT, *£ffl0gflBtcJ:3 2^ 03 
(a) c^n^i-Mc, "? 3 Ffi*Sffi*#*' ; 5G 
a NJtMggJftf&SftSo Sfc, 03 (b) 

i cicmlt, sffiHfl^w-e^s^o mmzm^tc 10 

46, *H5S^t=fcoT#P>nfcG aNmiSHJH 1 c 

tmfeLfz a *mmienfc£%t. g a Nmisng 1 1 

IS Stefe J; tf i&gfcfHfi**-* 3 U 7 

[0 0 5 9] **8BKi£j;oT»6n*GaN*l6* 
U 1 c©±t, MOVPESti-oT, InGaNi 

7 * h )i ^ * >y -t y 7. * mm l npjisma, a 4 

(a) ti^tlS. 0 4 (a) A»6iW»»««fe5t» 4 1 

[0 0 6 0] 04 (b) H\ Se*StBK«fcoTG a N¥ 
&JIJI££j&U J tO±fc» I n G a NJB*£t?g{t# 

>y -fe y Xfcftfcl Lfcl££*a*"to 3 <fc 

4 10 nmffi©/^ KWSBfcfciPA, 5 5 0 n 30 

JfcftMKII^nSo cntt, I n G a Nll^pnHAMfiT L 

[0061] cai 2 comsmm) 0 5 # 6 *#gg l 

[0 0 6 2] ^^dBKlKte^T, »K2 1 0<DUUt 
LTx 6H«B%#1-^S i caVB^S>*rtV*o S i 
C»«2 1 Ott, gfStf K-T'SftTfc^ nS«tS 

SiClS2 10ti, (000 1) ffiA>5 40 

3. saga [1 1-20] ^mmmLx^^o *K 

r^"7SfiJ (misoriented substrate) h$f~'i'Z>o 
[0 0 6 3] Sfc, **SBP»Ttt, MS 2 1 0±fcU 
G aN¥l£ H |ji%ffMT?.fci60^S B 3 a JiO±f»(C, tt 
^-y-^^n hpy±tf»C VDS (ECR-CVDii) $ 
fc tiflt^if-T 7 P b D yftRSX^ < -y (ECRX/W 

Ts A 1 N*ffl^So 

[0 0 6 4] 05 (a) ~ (d) *fSWcJ;£Ga 50 
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a NJW6fiJi©J*ft5'— - yyX^-fc 

[0 0 6 5] st, m&f&mzftotctb, mtmmms. 

2 1 O£^0jS©E C R-C VDSfcttE C RX^>y£ 

& 7 o t o r r (Dvmmmmc^x, i o 5 o°c-e 

1 5ftWMsmt%Z.£K.£^-C. »S 2 1 OcDSffitM 

[0 0 6 6] H6C^Sn«<fc5^ SS2 1 0 

% 2 0 0 °Cgfif: T^fil L fc*, Hft A 1 6 N ) 

fca*^4:*E CR-C VDSfcttE CRX^y^O 
EjSjPrtlCffilM"*. ECR-CVDSfcttECRX/< 
>y £©£j£'jpft©E7J«\ 1 x 1 0 1 Tor r T?&3o 
2. 4 5 GHz, 5 0 0WeDV-f£o?&;£MJ\ 
0 5 (a) tc^tiSJ:?^ $IS&R!B0>A 1 Ng 

(A 1 N^HS) 2 1 1 a* 5 0 nmgfitt3»£# 
So C©«fc5fc*t5tt3A 1 N^fgJIjf 2 1 1 a©fSH 

[0 0 6 7] *fc, A 1 N£fg£IJl2 1 1 afttmLfc 
2 1 0*, MOVPESH©SS**rtlcR|IU 7 

l o o o°cgiST- 1 o 

#Hff&»f3o GaN*BS)i2 1 1 a©*«tt^S 
»Sfe*{C, Si»D?Sg£**J8 0 OttLt 1 2 0 0°C 

WTtRsrsosWff* ia\ zommfc&^T, 05 

(b) A 1 N^fSHB2 1 1 a (DC 

$filE[p]ft£[R]Jb2-e3o 
[0 0 6 8] 3fefc, A 1 1 1 a±lcm»4 

g a NiMsajiijpjai'Sfefefc, $ 1 <Dmmmmxm 
[o o 6 9] as i ga8t*v»r, aisgfi^ iooo°c 

>^e-75r#ll&-rSc ctitJ;?), 05 (c) K^$n 
S«t3tx A 1 N^I£HJi2 1 1 a©±£, CttlElRltt 
om^Q a 1 1 b^JgjST 5o GaN 

**£ B H B ©^Ji2 1 1 bQ$j£&m& !52^T*S2>o 

[0 0 7 0] JS2aBfc*VT, Sfiiift* 1 0 5 0°C 
SftSTffiab, GaN^tlAJl2 1 1 a%figS*^± 

5. m3®Pt£^3v^T, *«g*i 0 9o°cefi£-e 

#SL, GaN#^slJi2 1 1 af^^CSKt, 0 
5 (d) ^^nSi^le:, GaN4MS£Ul2 1 1 c 
(JSS : 0. 1 /im~5 /imgS) ^ffM^tl^o ^2® 
BS*±tfJB3aPBfcfeW-*M0 V P EttKJ:*fl&«Rifc 

[0071] a i N&mmm 211a g a n^is 

a B B J12 llctf, A-y7r«2 1 Mtnm-Zx, Z.V>* 
77712 1 l(D±K, ffif£t%fctb<Dm<ttfVyL k $ s 

[00 7 2] E CR-C VDSfetiE CRX/Vy^S?: 
fflV^T, A 1 N^HB2 1 1 a%*f»2-£3©tt, * 
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©5flJjS**rr So E C R - C VD $ fctt E C R XAy $ 
SCtSt, A 1 1 1 a*2 0 01Ck^3 

^fSHJifi 200 "CTttitW?**^. 

[0 0 7 3] *HfiBBJI8£}3VT\ ECR-CVDSft 
BECRXA-y^ffl^t, A 1 N£££fl2 1 1 a 
£2 0 OTSft©iBBTSBJ*TS©-e, A 1 NMNU 
2 1 1 aCttMffO^X GRAHSTA) tf/Jv!: 

IMQffi«ffV\ A 1 N£££fl2 1 1 a ©IHlpjtt^lRLh 
mctEiot, A 1 N^I£HJi2 1 1 aCilC, 
*lr*ft*±Wr'»Eiatt*^ , raG a N*eH©^£: 

Mtt§o -7^ MOVPEttc±aia* (6oo°c 
sa) -mmhitA i N^tg^ji*fflv^«^tix ±15 

E CR-C VD$fc(±E C RXAy#&%m^£iSfeK 

Jfc^T, A 1 N^fSJIJi©±fc, ffi^f&fi*5<fctfSi/ME 

fam^tz g a N#ies©s*^j«^rso* , H*tTfa& 

§„ *MBJfc<tSt, *<J 1 5 0-2 5 0°C©igffl©rUK 

•eftnar, ^m^mthn-^mmt^A 1 n^sh 20 
121 1 aaraian?**. ±ekwt?h:, ks^ltk 

[0 0 7 4] *HSIffm^C<fcoTffM?n/cG a N^g 
il2 1 1 c^fSsltt^ffttl-S/cfetC, 2&AX&III 
JJTtCfc^t^lHlSft-^^ffl^I^iJSLfCo G a N-^-la 
HJf l 1 ctt, 3^i:^5 2*S B B B X|g[llf/fo^{i^fI* 

»T s FfflT?SViaH©GaN*|gfiJB2 1 1 c^fS-ti 
SCttfbfrS. 30 
[0 0 7 5] WTfc. S«2 lOfcU, Si CMf4» 

(0 0 0 1) [1 1 -2 0] 75IrHC3. 5Jt«f4 

CfttioT, S i CS«±t, ffjcA 1 G a NiiS* 

msrrs*^ a i g a Ng B B B oaffio¥±ittA^±-r 

§0 (0 0 0 1 ) ffifrS [1 - 1 0 0] ftfafc. 

3. 5&ffl&-r%£5K.mmisiinMS i Cffi£%Jl^ 

[o o 7 6] 0 7 a, si cmmmu±iam^tircA 40 

1 G a NJf©Sffi©7"7*X£:, A 1 G a N^OA 1 © 
Mf$.£<DMU*^To «tffl«> AlGaN^OAlOi 
j£*^U |fGM& A 1 GaNlOSI©77*X^i 
to B7t^T, j&tttt* (0 00 1) ~»7. hS* 

*ffl^fc«^*^-ro *R B nn»t4Bv»T, r (o o o 

1) S/>XhSKJ fcf±s (0 0 0 1) Wfr<o^?tl<D 
ti, (0 0 0 1) [1 1-20] £[Rjk:3. 5fi 

mtfrkl* < antf4*SH % A l G a N©£M©77* 50 



SB 2003-133246 
12 

7fr5#fr5«J:3£, Mf4SS*ffl^?>«^ A 1 ©ffl 
J«tf3 0%SSSTlC^:*<ftoTti, AlGaNf© 

[0 0 7 7] H8tt, A 1 G aNJBCUffiv^Xfcg 
SO«Wft«fc©BBflW&3?ro A 1 G aNJi©gt®v7 

ssw^sns. «f4^fi«, (ooo 
i) ffi^e. [i 1-20] ftmmmtzft&mnL, 

[0 0 7 8] I8!Ci?n§«t5C> A 1 G a N©Sffi 

H8 3b^^5«fe5Cx 1*** 51 8 ft* 

T*©iSBT\ A 1 G a Ng©SffiH\ TOttftWctl 

[0 0 7 9jWS&M&nS0m5gtfrZ 1 5gST?© 

[0 0 8 0] pSAlGa NJISfWrSUk (0 0 0 
1) S>+Xh^#W^£>tt5#S\ AlC«OitttPfc 

jwst u iRyoJSffiara < * § t t, * 3 c t 

ttioTtaifoft. **M»I6fcJ:*4:N «f4««£ 

[0 0 8 1] H9H\ «Mb3fR£8£fi&J3^3*& 
F-^>ht-$5Mg©A 1 GaNfAOffiDM 
tl*i;AlGaN©A HitOll^ito fttMtt* 
A 1 G a N© A 1 fflj&fc^U S*»^ MgOA 1 G a 

Mil-SS^ffll/^ii-a-CA 1 G a N-\©Mg ©$!)&$ 
tl*«\ ^7HS*I^*f^DA 1 GaN'xOM 

[0 0 8 2] 09fr5#fr5cfc-MC AlffijS 

Mg©flfcD3&Sn*ttffiTL*v\ c©jgiRitt, F-^ 
y h g *ffl^fc*&k:lBSf\ F-^y h i: LT, 
Zn, C, Ca*ffl^TfenSlTf**o 
[0 0 8 3] c©±5t, *&&HBm\cZ&£* £fk# 

©T% «3BR?oftfWE*ffi»r S c fc iffitik t it 

[0084] *mMJtm-eiz. mmmfctfm^znT^ 

Z<DKt>K). (0 0 0 1) >>>7n Ultfffl^S 

[0 0 8 5] ffiASK$fflv>«t>a lr3©3PJjfifcbT, 
MSLhK»ia«n« I n G a NSSii#3fi?©lg B B B ^ffi 

[0086] BIO (a) (000 1) ^tXM 
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fta«S«±k:flM£ftfc I n G a N/G a N/A 1 N- 
^JI«©»fiS*^rTEM G^ITiffM, transm 
ission electron microscopy) fET$i§ 0 0 1 0 
(b) «, (0 0 0 1) 5jtT?[l 1-2 0] 

*ftie«»-r*K{bS(9K6±ii:jpj«snfc i n g a n 

/G aN/A 1 N^JfMCKffffi^fTEM^KTffe 

-So 

[0087] Bl 0 (a) CifcSft^ J: 3 S>>7. h 
S«3b^^anS*&, G a NR[fi0lSA&Ktt£- (8 

iBoTSaU InGaNIStloTMo -73, 0 

i o (b) fca*sti*«k3fc:, nmsfi^m^nsv 

£\ G a NK4»<DejWaB»»«, Clfc&lRllcSltft*- 
iatffi« t *J:'5C#Sr*o C©7c&, InGaNIft 

[ 0 0 8 8 ] m 1 43 <fc tf US 2 4>H]ffiglft7*BfflH LfcSft 

[0 08 9] ($3©I»I) HI lfcitf 1 2*# 
SgLfctfS, ±lEJg 1 43 itfm 2 ©HSBBJBTfWSLfc 

7^si^nt^5„ &43, iiioMtMovPE 

[0 0 9 0] $f\ |g B B B figfi^TdfcJ6, ^77^7 30 
(^BSAl.OO CffiSSl 0*^H^©MOVPE 

7 0 T o r r ©TklSUHfUCfc^T, 1 0 5 0°CT* 

l 5 #Hfin!R-f S c. £tc<fcoT, Xfii 0©SffitML 

T^u-->^jQffl*ji-r (ei 2 ©(D) o 

[0 0 9 1] *, S&l 0^60 0°C^TH%SlLfc 
It, 7>*-T1t2. 5L/»©8MlT?l^ffi*&U £ 

si ooiMUkts (Hi 2 ©(2)) o wk. m 

1 lK^nSA^t, hU^^l/jff'J^A (TMG) 
^2 0^^/^ 7>^-T*2. 5L/^x 40 
* + U T7j<** 2 L/£gg#*& Lt, if^Jlt^i© G 
aNI (GaNWel) 1 1 a* 5 0 nmggi|«£ 
■&5 (El 2 ©(3)) o 
[0 0 9 2] *, G a Nmngkm 1 1 ait6!?%G 
a N¥|g£M££j£-*-«fefelc« ±123! l *5«fctfS2<o 

mmmmrmmhrc 3 gpgoesjssnje^ff -5 ch 1 

2©(4)) o T&fr-B, TMGO«0*%ML, S 
9 5 0 ICSTfffllLfclfc T M G £ 2 0 ft &l 
/MSU G a N«ea<0«JI**MI**S (Hi 15 
PW) o *, TMG*^Lft#5»R«#£9 5 0T 50 



2003-133246 
14 

^510 5 o°c*D<fcr>* i o 9 o°csgf TgPfW^ffr 3 : 

Lt, GaNJMSAJIl lcMfitS (£2fe<fctfSIS 
3SPg) „ GaN^SHill 1 a43<fctfG aN^MtSSM 
1 1 ctf. El lCSSn«GaN^y77il 1**1 

s„ 

[0 0 9 3] *, t/S/^^ (7j<*^-X5 0 p p 
m)*10cc/Sh HJ*f7W7;l>5-*.k (T M A) * 
2 /z^/^iiinLTffifSU nSA 1 GaN^77K 
JB 1 2 (El 2©(5)) o 

[0 0 9 4]^, TMG, TMA6<ttf€/J/7yO 

HJ^/Wyv^A (TMI)$200|i ; E 
/1//tj\ TMG%20/i ^Iz/frgy&LT, I n G a N 
SlUfrS&aigffll 13*10 nmii«$^§ (E 1 2 
©(6)) o I n G a NSttg 1 3*ffMf 3Sg©f§H 

a, 500 •csit 8oo "CJ^T-efentf ctt\ ffittJi 

a, A 1. Ga, I n.N(0^x< K 0^y<l, 0 <z 
^1, x+y+z=l) frSJBjfrSnTfcJ:^ 
[0 0 9 5]*t 4 TM I ©#if£©**ffli:L, TMG 

fcyyt-rfcoaa^^ssJiRfU 7>f-7g 

a N^F-V -yy» ( I n G a N?gttJI©MflJWl) 3 0 
*lnmgjgif*|2-£;i> (El 2 0(7)) . COfct T 
M G ©at**${fcS-&T fe <fct/\ 
[0 0 9 6]*, TMGCtmfltL, 7^-7 
t7k*Oii^»ffl^s SSSfi* 1 0 0 0-1 090 
°Cg£3;T«L, 1 0»IBIWBl*ff5 (El 2© 
(8)) o 

[0 0 9 7]*, TMA, TMG*±f2©}tai:|W|C 
Siai-e, ^St^^n^y^^x-^v^i/^A (C 
p2Mg)*0. 1 fi*;l//^^LT, pSAlGa 
N^7»;F|1 4 (El 2 ©(9)) „ 

TMAOffi»©**ff±U plGaNny^i'b 
Si 5 5 (El 2 ©(10)) „ *, TMG43 
cfctf C p 2 M g ©#S£$*ffit U SSiBS* 6 0 0 
P^MLfcft, StfTMG, TMI43«fctfCp2Mg*& 
fpLT, pSUn.Gaw N(0<x< DfrfcftS'J'Iffl 
J13 1 OP* : 0. 0 1 /im~l /imgg) 
(El2©(ll))o pSl nGaNtpBU13 1©/^>K 

y TW^©"?, p§« I n G a N^HJi 3 1 
0±t»lS*h«plWi (P t) t©S©'>3 7b + 

[0 0 9 8] *, 7^-7 t7j<^©^|?H^T, 
5 0 0°C^^9Lfclt, 7>*-7©ffilft*ff 
ihU 7k^»Ha^T5^K»i*fT^ (El 2©(1 
2)) o 

[0 0 9 9] mmz, £»©&«*ffl^T, nSUA 1 G 
aN^v^FJil2, I n G a N?S1tJS 1 3 , 7 V F— 
7GaN+^-y7°S3 0, plAlGaN^vKIl 
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4, pMGaN^y^^hgl 5, fcitfpffll nGa 
NffHJl3 l£, aS£fi£xyf-;/?|££LT\ -Sft>* 
JStHLTVSnSA 1 G a N7^-y FJf 1 2±K, ni 
tt(Al) 18$£j£-*-2o pMInGaNcp 
Hg3 1±K, ptiM (P t) 1 7%Mt§» 

[0100] H 1 3 (a) tS?n5«fcd£, I n G a 
NiSttJf 1 3tpiyA 1 GaN^77h*Il 4 i:*DB0tc 
pSG a Ntf-l' FJ13 3, I n G a 1 3 t nl 

AlGaN^vKll 2 feOIBtnllG aNAV FJI 
3 2«?tlTUl/\ 10 

[0 1 0 1] WTfc, 7^F-7°G aN4^y7H3 0 

[0 10 2] I nGaNiSttll 3±t7>F-7°Ga 
N**y7Ti3 0*«frSZ:i:EJ:oT, InGaNiS 

JPflJ-T 5 C i: # -5 „ *MMBm<D <fc 5 1 , I n G a 

NStt»i 3©*t«isfii:racias, fftfe-s, 700 

°C7?7 >F-7°G a N*-W7*jl 3 0&ftl5?JI (1 n 
ml© ifi»-f Senior, HI 3 (a) ittZtl 

s <fc ^ ftf*&«tt*/#w Fisffi^iift^o 20 

[0 1 0 3] HI 3 (b) tt, fi£3fcE«fcS7VK-7*G 
aN*fy^l3 Otf^nT^ft^O, I nG 
a NSttS 103^ I n G a NS14H 1 0 3 %mts n 

h« 1 3 2*5«ttf pgtf'f h» 1 3 3 tomw* 

HI 3 (b) E^«tiSJ:3lC, InGaNgtt 
jf 1 0 3 t pMG a N;*H FH 1 3 3 fcClBflDJIffitt* 

[0 10 4] 7>F-7°G a N^^-y7°g3 0 

%M'fZ>Z.tK&iX, IntMWtlnGaNg 
ttJI*fci!A3-&S So InGaNiSttll 30 
3f4, 7 0 OTfcl/^ttV^Btt-ffitStrS©^ InG 

a NSttg 1 3 ©Kfttt^©isr a tt#iii/\ *mmmm 

© J: 3 fc, 7 0 0 ICOffifiT' I n 5£&ty|<WI (7 y F 
-7°G aN+tf^l) 30^InGaNgttH3± 
t»W-* cttiot, aS?Sg% 1 0 9 0°CtC#S 
L, I n G a NSttJf 1 3 CttLTfttfKJSMaafcfTS 
J!^T'f5„ CWot, I nG aNgfifl 3 ©IE 

[0105] 01 4H» I n G a Ni-gttJI 1 3©Mg7 
* F;U5*>yfeyX^gi;, I n G a NigttJB 1 3 KM 40 

[0 10 6] ±IHKBBTftt, HI 5 (a) }^£nS4; 
5^ 500-800 °Cgffi©?HS7:\ 7 > F-7°G a 
N + i-y7°Ji3 O^ffMLfc (©) -1TMG<0« 

as* 1000-1090 "cm&^-muLmmm^n 

ofc 0 £©ftfri3£, HI 5 (b) K^tl^XolCs 

5 0 0-8 00 °CgJ6©S6T\ I n G a NSttJi 1 3 50 
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Zl&fcLfc (®) TMIO^OiaftSffjh-rSfclRl 

b*e, ssss* iooo~io 9 ot^-^iHabrt 

^SL*^P)7>'F-7°G aN**>y 
7 > J13 0*^fi^-B:§ o 

[0 10 7] 7>F-7G aN^t'y7l3 0©fJ 
fct, 1 0nmJXTWU?J:!/\> 7> F-7°G a N*ir 
<y7°Jl3 0©J¥£©4:9#3:L^$§Ht4, 1-3 nmg 
ftTffc*. 7yF-7°G aN*i"y7°Jl3 O0J¥**Vb 
*-T€5 (1 nmttT) t, I n©*»*SIBW"e 

£&V\, 7>F-7°GaN*^y7°Jl3 0©j¥2*^ 

1" €3 ( 3 n m) £ , XOHGRIffiSW* < * t) , 

G a N*+y 7**3 014, I niU nGaNgttll 3 
6 ©Hft^OTJ-T 3 c i: * x. t? # n tf , F- 
7*£*UVrt><fct/\> 

[0 10 8] ag40!SM£&) WTfc, Hi 6£#fB 

^mitmtm^mmt^o *nwBM-eiz., as 4 1 
-r^/Mtsst (s i o AWv^nr^So s i cas 

4 1 014, StRtf F-7*£ttT*5!K nllll^tt 
S 1C1S4 10H, (000 1) 1^53. 5fi 
T? [1 1-2 0] *lBUcia«bT^*o S i CSS 4 1 
0(4, (0 0 0 1) ffifrS [1-1 0 0] 1jfate3. 5 

[0 1 0 9] H l 6(4, **ssmi©*^?s)t*?© 

Kiii*«S«K3?ro C©^«frfl^*?l4, HI 6E 

<t 3 ^{ts*as4 1 oi;, as 4 1 0© 

±fc»**nfcA 1 NA777I4 1 1 i:, 
4 1 1 ©±JcHH-6nte¥»ft**M«fifi**4 1 9 * 
4 1 9 ±£.&f82ft1t p S I n G a N 

fci6©-W©«®4 1 7*5i:tf4 1 8%M^.T^5o 

[0110] ¥mmnmmmfc4 1 9t4, ;^7ri4 

1 1 Cifi^fllfrSJWh:, nlA lGaN^77KIl 
2, nIGaNAV FJ13 2, InGaNfittI13, 
pMGaN*VFJ!3 3, pffiA 1 G a N^yy FJI 1 
4, *54tfp§MGaNny^7hJil 5*"&A,T?V>5„ 
[0 111] at, ±0{fcffUf ARft^M^* 
^«?©K3i73ffi^lKBJ-r^ 0 *&M0eWcl8V-C, 
>y7rJl4 1 lAW*#*tt^-TSJ:3t, ±fPJg 
1 *5<fctf^ 2 OHflBSS?Kn l/fc/W 7 7Jl©^7a 

54ta*573ffiTv^-y7Tji4 1 n&t'mz^. *m 
mstewt, as 4 1 o±^, ^aMWgftsottatw 

«^JB»ffiJ«6S (MOV PES) 

[0 112] sf, mMttimttftotctb. 6Hmmm 

aS 4 1 OCTISCMOVP Egfi©SjS^F*3©-9-fe 
7°^-±tcKHL, 7 0 T o r r ©* 

**HStKte^T, 1 0 5 0 °C7? 1 5 ^-Hta^-r?) C t 

t±ot, as4 1 o©*a(cMLT7U-->'7"®a 
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[0 113] iWc, l 0 0 OtST^SLfc 

bU^f-rt/T^-^A (TMA) $ 1 O/jt 

^-X 5 0 p p m)* 1 0cc/^\ V TiY-Wk 

2L/#gfi£8&LT\ nlA 1 N^y7rl4 1 1% 
2 0 0 n mgffiif Wi^%. 

[0 114] A777I4 1 l^nimc^t^o 10 
T\ 4 1 0<D«ffitCn§J«I*K:«-Tt>, HMSia 
ttiS-SaSftlA, nlA 1 NA7 7 7I4 1 1 

B\ ioo ot;ss<oSSit?*tfllbfco-e, £&&Ktf 

5 0 nSA 1 N^y7rI4 1 1 *JfH£ 

S L^(EHH\ 8 0 0 t£U: 1 2 0 0 ICJCTFtf **o * 

«Ifttf8 0 01CJ:!HKlr'^ nlA 1 NA777I4 

tt&JStf 1 2 0 0"C<fc!)iS«/^ A 1 fe<tt?NOSMIg 
fCgHLT. nUiA 1 NA 7 7rl4 1 1 ©teHttA** 20 

<2>o 

[0 1 1 5] A 1 N/Vv77l4 1 1 0±lC, Ig2©^ 
8B«8T»ttBBbfc*ft*ffll^T, G a NJMNMMHBrt 
LTU^o COi^, A 1 N;Vy77iiG a NlS 
BMfcAV^y^rflM 1 1 

[0 116] hU*?-;l/7;1/5-£A (TMA) 

y (7K*^-x 5 o p p m) * i o cc/#, h y ^ 

y«7A (TMG) *2 0/i ; E;l//»iiinbT«a&U n 
1A 1 G a N*7«/ Ki 1 2%JHI«*«. 30 
[0 117] TMA<D08&©**flM:U nIG 

aN^KJ13 2**t«|«-&So TMG, €•/ 

hU^W^S^A (TMI) *2 
0 0 TMG^ 20/i *r/l//##tjj& Lt, I 

n G aNjUifreftSiSttJIl 3*1 0 nmi©&l2-& 
So I n G a NSttJi 1 3 5Sfi©(BHJ±, 5 

0 0°CJ^±8 0 0°CUT?$>ni££h\ SttBii, A 1 
,Ga, I n.N(0<x<K 0%<K 0 <z< K x+ 40 
y+z=l) fr£]flM£ftTfc<fct\> 
[0 1 18] 3fclC, TM I ©fl8&<D#*f?lLU TMG 

fcT^-TtflDaa^ossm^u 7>f-7g 

a «y 7°B ( I n G a NSttJfO^fSWfiJg) 3 0 
^lnmggil?« 0 ZVtZ, TMG©S»*^ 

[0 119] I n G a NSttH 1 3**ta*-&S«{C, 
7^ F-7"G a N+t 77^3 0 WtSlSS, & 
©J^TfcSo 7^K-7G aN+t i y7l3 O^igW" 
SCfct-fcoT. I nG aNgttil 3*^jK»E©» 50 
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©<fc 5 fc, I n G a NffittJi 1 3 Oi&tiB&tm CM 
fi, f^ft^ 7 0 0°C-C : 7>F-7 , 'GaN^-V^7' > B 
3 0*iWI?e (lnm) g£it$rrs C t K iot, 
SttS i &T?J&* £ ft 3 #Y FB fc © Hlcfttt&ltiiitf 

[0 12 0] TMG<D#t$£&ff±U 7y=E-7 

himv>W£&mnX\ S«?gJt* 1 0 0 0-1 0 90 

icgftSTfffiau i o^H«uaa*ff 5» I n G a N 

SttJl 1 314, 7 0 0°Cgg©ffig7?it»LfcfcJ6, E 
fill^OlgftlfeWS^- COJfcjflStt* I n G a NStt 
■ 1 3©ElRltt«±H f «;fcfcT*5o *^W^H©i3 
7 0 0 °C©fIST I nSl^ilJI (7> F-7G 

aN*t?7l) 3 0*1 nGaNSttJil 3±fC»» 
SCiEi^T, 1 0 0 OlCfclHBLfcSL 

I n G a NffittJf 1 3 Kjtf LT^£fc!IMKI*fT 3 £ £ 
#T?#5o £ftfc<fcoT, I n G a NjSttJS 1 3 OIHIrI 

[01211H14& InGaNgttil3CSS7 
* h;l/5*V-feyX!Mti:, I n G a Ngfflf 1 3 1» 

[0 12 2] 3felC, TMG*2 0 fitfo/ft, ZZKs 
i/Zu^yZi/x.-A/^V^i/VL. (Cp2Mg) * 
0. lpW/MLt, P MGaN*VFJl3 3* 

[0 12 3] TMA^±|2nl!JA 1 G aN^7f 

FBi 2*jft«f *»£©ittfcraci»-e3fiinu p 

HA 1 G a N£5y FS 1 4*i«2#3o T 
MA©fl«ftO**ff±U p^GaNny^^hjil 5 

[0 1 2 4] 3fcC, TMG33«ktf C p 2MgO^*ff 

ihu »fai**6oo , cfc»aLfea, stfTMG, 

TMI^J:tj i Cp2Mg*#t^bTp§yi n.Gan N 
(0<x< l)fr5&5f KB 3 1 (JP*:o. Olfii 
-lfimgg) ttm&Z&Zo P^I nGaNWH3 
1 ©/^y F=£> >y^3bVh^v^©T\ pM I n G a N^P3 
S3 1 fc*0±t»«Sft« P a« (P t) i:©P^cD 
»y h^-BS*ffiM-r§s: ii^7?f , ^titcffiK* 

[0 125] pHl nG aN«!3 1 li, plInG 
a N*if 5 0 0 °CgjS7? 7 0 T o r r ©MflETklS 
*H«ff» T«a*fr o^t\z£<o Mt'f§„ SEffi© 
*JR»H««l , T*fttf, '4 0 0TJK±©*HBSK\ P^ 

5oo°c@g£Dfg^ 
[0126] ^<dv±, ryz-T t7km<D*M&nmn 

X\ a^*5 0 0t:ST^*PLfc^ 7^-70«^ 
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(11) 



[0 12 7] mmc, nfS i CS«4 1 OiJt, 
y (T i) %/Ei^Tn5Mffi4 1 8£\ pilnGaN 
4>fflJl3 (P t) *)8^TpItf4 1 7£ 

B5ic1-5o PtmfcCfl P t ttttWHW*:*^ 
©T% pSl nGaN*3 1 k©IMI%/^*<Tf#Sfe 

[0 12 8] ±fe©J;3tf^Lfcgft# I J'>A^fb^ 

fc, ftfWjEI4 5V£l^5ffiV>flrcfc5. fi£*© 10 
HJWftiSt, S6#«Et4 3 0VSfi-efe3o 

[0 12 9] nSS i CSfi4 1 

0©±fc, ffifi&ftnSBA 1 NA777I4 1 1 *R 

w\ #»it^*t5»«4 1 o commizmm 4 1 8*jb 

[0 13 0] ±E^2©Hffl^*3c!;tf**W^C*5 20 

(ill) B5*»5 3. 5SS*-e[i 1 0]^|6]fcfS 

[0 13 1] Sfc, CftSTfOKHHlCfc^T, Sttgte 
I n G a N^e.*5-'Vl/^$rca I n G a Nj£-M?# 

Hi 7fc3^rft£«J:'5fc^ I nGaNl^lifftp 
(multi quantum well) t'^ottii^c, ^MS-fttP 

[0 13 2] £M?#FS»3fc*?©«Bfilc:3^T 
tt, ±CKflaLfe*ffi^l/^n*o InGaNllI 

ffM^tlfcnUA 1 G aN^77 FJf OP* : 0. 5 n 
ngg) <0±K. nlG a FJ1 (JP£ : 0. 1 /ti 
gS) ^J&fi^-tt I no.! Gao.8 N<7x;WI 

(JP£ : 3 0 ASS) I n o.o2 Ga.s. HrtVTM 40 
(IP?: 5 0ASS) fc*SSlc9|3l||t)igLTj«ft« 
^©!t 1 0#a© I no. 2 Gao.s N^x;l/jl^fi 
£-&5o 10#g©Ino. 2 Gao.s N"7X/l/Jl± 

fciGfc 7yF-7°GaN*-*"y7°Jl (JP2 : 1 0~3 
OAgfi) . pUGaN^VFJI OP* : 0. 1 jing 
fi)s pSAlGaN^7-yFI (JIJ:0. 5/img 
fi) , feJ^p^GaNny^hji (JPS : 0. 3 ji 
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»BW)5S3iaiff t*V»T» pSG a N*V F»fe«ktf p 
SUA 1 G aN^77 H*©pSK— ^yhtbT, Mg 

[0 13 3] plGaNAVFlCMH, TMG*2 
0 /iW/^ 7°n^y£0. 5 ji ; E;l//$HW&LTfT 
% p!AlGaN^77FI©M!t TMA2r2/i 
TMG£2 0 /i*;I//3h 7"n^>%0. 5 

[0 1 3 4] 01 8«, pMG aN^ FJ«B«fctf I n 
G a NffittMfcfcW-* pM^Mt)«>S©7 :; VX7°P7 7' 
Eli 8KjS*ti*J:5lc> WkVWLBfr 
EfclfVT\ paPf*B«lT**llgtt, GaN^FJl©^ 
g^fcfi^ffl'NSSfcLTLSSo *HS£^<S© 
f63aS?K*l'»T. p^*fi«n?*SKSRttx GaNA* 

[0 13 5] tft 4 plAlGaN77'yKl£«tT 

p gy F-^y F#G a N?jV FJi*^ LTSttg^ffifC 
"TacfcjJjWihU xVW7s©{SMtt£ft±£-£££i: 
^#5„ G a N*V HJitfr > F-7°©*§-a\ 

a i GaN^77 vmremc mm* f-t°lt?> «t 
teb^5ftT^s$8^?©»&7£W-T?ft < , (0 0 

0 1) >>>XFa«^fflV^nTV^fS7 l d*?©±i^T 
[0 13 6] 

[0 1 3 7] (1) SS±C, El^tt*5<fctf*ffi¥fflttt 
«tlfc©!/^ a B H© G a N#ig B B 0 B*M^-e* C © G 

Lfcif^ a^p a pH©^JWl©fiScft^Rlf^fe?»o cO 

[0 1 3 8] (2) 2 0 0°Cgg©ffiWgaT\ ^7 77 
M*«fiWSna!A lN*»JiJi*itSlTf**OTf, n 
SA 1 N^*Sft»©±t, *DW6*GaNJ|UeiSI©* 

[0 13 9] (3) MtSfgfflSli (0 0 0 1) 

[l 1-2 0] 75"|p3tMf4LTi/^©T\ «nfcain¥ 

ffitt^Sf 5 G a NWaI?:li±l^«f^ 0 $ 
Kfl3iJlUSS±fc»**nfepa!A l GaNit 

$3^T, A 1 ©ffl^iix^tS^t, piK-/^FO 

[0 1 4 0] (4) S i %F-7°Lfcn§UA 1 

nlS i CaMiJlcagnfJMS^ffMT-^^© 
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[0 1 4 1 ] (5) I n G a NSttJi©±lC, 
G a N^+>y7 0 jl^JFM^tlTl/^©T\ I n G a NS 
ItS/pSG a FJ1, tzttlt I n G a Ngtt*/ 

[0 1 4 2] (6) I n G a £MLTiM£fr 
5Cili:J:?), I n G a NSIMOElRltttflRLtf S. 

[0 14 3] (7) pWMK>Tfc pM I n G a NM*^8 

w- s nt ^ § © -t\ p ®ms© n > * * h fafi^ffiiiT- 

[0 14 4] (8) pSA 1 G aN^7'V FJgOpMF- 
>0 h £ LTKfS^/B^SC: ££<fcoT, InGaNS 

[0ffi©lfi?¥&lMEE] 

ran (a) ~ (d) a, *wRfc&%mtmvi± 20 
[02] (a) tt^sKatAaea^so^-^^x* 

^T0 

(b) «^*gffitJ;ai£ir^fi©iy-^ryx^-r0 

[03] (a) *5«fctf (b) (4, *fS?!<D§i!3i;5}£fc:<fc 

(c) te,trf (d) I4 % Se3K©»!ii^rffiK<fcoTl5£S? 

[0 4] ( a ) tt*aWO«JB*ffiT?J«*«*fc I n G 
aNJl<DMM7* Wl/^-y-tr^XWfia (b) «fi£ 30 
*0§BertF3*Tia***fc I n G a NJHOSfi?* WI/ 

[05] (a) ~ (d) *5MllcJ:«aftjJfy«>A 

[06] ***sai**©s'—ir>^*^rH 
[07] MimmmM*m^%m-£t<Dh i ghnios 

[08] Kftg*aS©ffif4ftgi:A 1 G a NSOSB 
^7^7>t(DH^^-r0 

[09] ^{t3i3RSfi*ffll^»^©A 1 G a NJi^O 40 

[010] (a) a, (ooo i) ^>xh^{ta*a 

S±fcJft«*nfc I n G a N/G a N/A 1 N^HH© 

(b) &, KftilJli«W»fi±fcJBjS£ftfc I nGaN 
/GaN/A 1 N^JBffllOifE^fT EMfX 

rail] ^RWtcts-y-^T-fraesffl^fesyaR 
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[01 2] *5ffl8tJ:*a)t*?<olBfi , r*fe»o*S* 

[01 3] (a) «, ^mmiCZZT-yY-fG a 
t«^I*ffl^fei^(OI nGaNgttJf/piaGaN 
73VFJlfc©Wffi£^-f0 

(b) 14. SHE© I n G a Ngtti/plG a K 
[014] *fi?0Jl£4.£> I n G a NJiOSBlSBl^fclWB 
[01 5] *56Wt±S7>H-7*GaN4 1 ^v7 , »* 

(a) a«gs««*Bf3b^ss*&*^-r0 

1016] ^.mm^^mmmmwtm^tcmm^ 

[017] ^SWtiS^MfftpSSBttilPfOllia 

[01 8] (*Jgfit±4K-^h) feitfMg 

77 0 x7n7 r-^l/fcjSTH 
[019] fle*©*7r-f7«S*fflv^fe«Ji£*fO«l 

[020] ( a ) ~ ( d ) 14, Wf&WfcX Vt7l*%* 

[021] wk<Dm$&<o9mi.m&*rr® 

10 y-7 7 4TCW&W. 
IK 2 11 /^777§ 
1 1 a GaN$ttM 

nb, 211b g a Nm$M><Dmm 

11c, 2 11c G a N#|pHJS 

12 nSA 1 GaN^77 Fit 

13 I n G a NSttJl 

14 pKA 1 GaN^77 FJB 

1 5 pSGaNny^hJf 

17, 4 17 p$Ji!« 

18, 4 18 nffiMS 

3 0 7>F-7°G a N^-yT'ji (I nG aNSttJl 

3 1 piInGaNWH3 1 
3 2 nMGaNAVFif 

3 3 plGaNAVKI 

2 1 0, 4 1 0 Si CSfi 
2 11a A 1 N^lll 

4 11 A 1 N/^77l 
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[01 6] 
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[0 2 1] 
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[HI 7] [020] 




(IZmmm 5UI F*-A(#%) 5F041 AA03 AA24 AA40 AA43 CA04 

#rF*8 CA05 CA23 CA24 CA33 CA40 

jgjtlfci^il*! CA46 CA49 CA57 CA65 CA67 

azmm^ ±w fif? CA73 CA77 CA82 CB11 CB36 

MJ&H^ttrt 5F045 AA04 AA10 AA19 AB09 AB14 

(72mm% 0k ftW AC08 AC12 AD10 AD13 AD14 

*MPmm*ffi*1006#±tf! ffiT«« AF02 AF09 BB12 CA11 DA52 

MmfcS&ttto DA67 

(72)^B^^ I> 5F073 AA45 AA51 AA73 AA74 AA89 

±mmrimxf?mioomm &t*« bao6 cao2 cao7 cbo4 cbos 

SSItti^ttft CB06 CB10 CB17 CB22 DA05 

DA07 DA16 DA35 EA28 EA29 



